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Abstract 
The road transport system is moving, slowly but surely, away from using fossil fuels. Plug-in electric vehicles (PEVs) 
are an energy-efficient alternative to conventional vehicles. Commercial vehicle fleets are an attractive entry for 
PEVa into the transport system. This paper presents findings from a three-year study of 550 PEVs and their users. A 
combination of technical and social science methods provides a basis for greater understanding of PEV operations in 
commercial vehicle fleets. This paper shows that battery electric vehicles (BEVs) have proven their functionality in 
several applications, but that winter conditions still imply an unjustified decrease in use. Usage varies according to 
application but results show that in general a substantial share of the battery capacity is redundant. Findings indicate 
that usage is not necessarily inhibited by the technical specifications of the battery but by the operational conditions 
in which commercial duties are performed. The only reliable alternative is to return with a large battery surplus. The 
vehicles studied have demonstrated their functionality and the users are positive. Plug-in hybrid electric vehicles 
(PHEV) imply no restrictions in mobility, which results in high user satisfaction. Commercial vehicle fleets are 
suitable for PEV operations and with growing acceptance users have requested more PEVs hence a significant 
possibility exists to substitute a large share of the fossil-fuelled vehicles operating in commercial vehicle fleets.  
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1. Background 
European transports are up to 94% dependent on fossil fuels; the European Union has recognised 
electricity as an important energy carrier, not only as an energy-efficiency measure but also to improve 
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the quality of urban life [1]. A favourable introduction into the transport system for plug-in electric 
vehicles (PEVs) – the generic term for battery electric vehicles (BEVs) and plug-in hybrid electric 
vehicles (PHEVs) – is the commercial vehicles fleet. The utilisation degree of vehicles operating in 
commercial fleets is relatively high and therefore it could therefore be especially beneficial to introduce 
PEVs owing to their low operational costs. Commercial fleets also constitute a majority of new-car sales 
and all vehicles operating within public authorities are subject to both national and local policy. Empirical 
data shows that PEVs in commercial fleets operate without using public charging [2]. This makes 
commercial fleets particularly interesting as a component in development phase of a widespread charging 
infrastructure. The theoretical contribution of PEVs is significant. This paper investigates the potential of 
commercial vehicle fleets for PEV deployment by assessing the empirical socio-technical data collected 
from almost 550 PEVs and their users during a three-year period.  
2. Introduction to the material
The studied vehicles represent an extensive demonstration project in Sweden. Through a technology 
procurement scheme, both public and private companies were invited to share a framework agreement 
and participate in the project. A socio-technical research design has been developed to study the called-
off vehicles and their users’ experiences. A socio-technical research approach does not separate the 
technology from its societal context, and hence this paper discusses the  
potential based on real PEV operations in commercial fleets.  
Table 1.Number of respondents participating in the questionnaires  
 
 
 
 
 The data collection has been on-going since 2011 when it initially included 50 BEVs. Since then, 
vehicles have continuously “joined” the data sample as they have been called off the framework 
agreement; See Figure 1. By the end of 2014, almost 550 PEVs and their users have contributed to the 
socio-technical data collection. Logbooks have primarily monitored the driving and charging behaviours 
and the users have responded to recurrent questionnaires. The questionnaires have been used to observe 
the users’ general attitudes towards PEVs; Table 1 presents the data set. In addition, focus groups and 
interviews with users have been carried out. The study includes nine vehicle models divided into two 
vehicle types (transport and passenger vehicles), see table 2. The vehicles have operated throughout 
Sweden, for example as distribution vehicles, service vehicles at utility companies and within home care 
services.  
Table 2. Included plug-in electric vehicles by category  
BEV transport vehicles BEV passenger vehicles PHEV passenger vehicles 
Renault Kangoo ZE Citroën C-Zero Chevrolet Volt 
Renault Kangoo Maxi ZE 2 seated Mitsubishi iMiev Mitsubishi Outlander PHEV 
Renault Kangoo Maxi ZE 5 seated Peugeot I-on  
 Renault Zoe  
Questionnaire User group 1, 
joined 2011 
User group 2, 
joined 2012 
User group 3, 
joined 2013 
User group 4, 
joined 2014 
1 42 126 123 332 
2 57 108 182 175 
3 44 135 152 - 
Figure 1. PEVs included in the scheme 
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The usage of the vehicles will be described by the technical data from the vehicles’ logbooks, in both 
quantitative and qualitative terms. To describe the charging behaviour, this paper distinguishes between a 
trip and a journey. A journey always ends with the vehicle being charged at the final destination. A trip is 
where the vehicle is used but when parked it is not charged. A journey may constitute several trips. In this 
study, charging may occur at the vehicle’s default parking space or elsewhere – for example through 
public charging. For PHEVs, only the electric driving distance will be included in the synthesis. For the 
analysis, three system levels are applied: all vehicles together as a whole fleet, as two different vehicle 
types and separately as vehicle models. Because vehicles were continuously added the data collection (see 
Figure 1), the usage will be discussed in absolute terms, i.e. based on a certain sample size, and relative 
terms, i.e. the average characteristics independent of sample size.  
3. Results and discussion
Between September 2011 and October 2014 the vehicles have operated over a distance of 2.6 million 
all-electric kilometers; see Figure 2a. Figure 2a also includes the fleet’s average driving distance per 
month. Data illustrating the driving distance collected starting in 2013 is separated between the two 
vehicle types. Figure 2b illustrates the charging distribution. The results show that two categories are 
sufficient for describing the charging behaviour of commercial PEVs; 99.3% of the charging took place 
through the default power outlet. 
(a)  (b)  
Figure 2 (a) Empirical driving distance (b) Experimental charging distribution 
Even though the data sample has grown, Figure 2 shows temporary regressions in use. Regression in 
usage coincides with seasonal events: during winter, which in Sweden implies average outdoor 
temperatures below zero degrees Celsius, and during summer holidays, when companies reduce their 
activities. One imperative factor in the decreased use during winter, apart from the general heating vs. 
range discussion, is that users experiences changes in operating conditions (i.e. increased heating demand, 
increased rolling-resistance) which influence the electricity consumption in an unpredictable way. 
Operating a BEV is fundamentally different from operating a PHEV, because the BEV is restricted to 
the electric range supplied by the battery. The following sections will therefore address only BEV 
operations. Figure 3 illustrates the relationship between the number of performed journeys and total 
amount of trips carried out by the two different vehicle types. Figure 3a show that the transport vehicles 
undertake a majority of the activities and are often used for several trips before being charged. Figure 3b 
shows that it is more common that passenger vehicles are charged after every use.  
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Figure 3. Driving and charging behaviour illustrated by the number of journeys and trips carried out and the internal relationship of 
this behaviour for (a) BEV transport vehicles (b) BEV passenger vehicles 
Based in the logbooks, three distinctive charging behaviours have been identified:  
• Vehicles charged each time it returns to their default parking space. This charging behaviour indicates 
that only journeys are carried out. These vehicles have either a single user or several users. When 
assigned a certain user the use, may be irregular – sometimes only a few times per month. When the 
vehicle is available for several users is most often a pool vehicle.  
• Vehicles charged at the end of the workday. The number of daily trips may vary. A large number of 
daily trips may indicate a single user with good knowledge of the vehicle and its technical 
specifications. Vehicles with this charging behaviour and several users are often vehicles assigned a 
certain task or duty and with several implementers.  
• Vehicles charged when “necessary”. One or several users operate the vehicle and trips are carried out 
until the state-of-charge reaches a “critical” level and the vehicle must be charged. Most vehicles with 
this charging behaviour have an assigned user with (presumably) a good overview of both duties and 
the remaining range. Nevertheless, based on the interviews it has been clear that there are vehicles with 
this behaviour and several users, but that these users have access to non-BEVs in the fleet. 
A measure used to assess the usage of the vehicles is to study the development of the relative average 
driving distance per journey and to compare the different vehicle models (see Figure 4). It has been 
possible to assess each vehicle model included since 2013 in the study. The relative average driving 
distance shows seasonal variations, but it has increased over time. There are differences in driving 
distance between the different vehicle models, where the transport vehicles generally drive longer 
journeys.  
 
Figure 4. Average driving distance presented for the entire fleet and for each vehicle model
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The empirical utilisation - BEV transport vehicles 
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With a similar approach, it is possible to study the relative average driving distance per month; see 
Figure 5, where the increase in monthly driving distance is apparent compared to the beginning of the 
project. Again, the transport vehicles have high cumulative driving distances. The exception is C-Zero, 
which stands out from other passenger vehicles. In this particular case, the C-Zeros have daily operations 
(weekends as well as weekdays) compared to most other vehicles that operate only during weekdays.  
 
Figure 5. Monthly driving distance for the fleet and per vehicle model 
The proportion of relatively short journeys was assessed, and Figure 6a illustrates the share of journeys 
shorter than 40 km; these shorter journeys have been decreasing. But when studying the different vehicle 
types, only small variations in operations were found. This development could be explained by assessing 
the composition of the vehicle fleet. In the beginning, a large share of the vehicles comprised passenger 
vehicles, but as the project proceeded, more and more transport vehicles were included; this may explain 
the trend of relatively longer journeys. The qualitative data shows that users have little freedom in their 
operations. The vehicles are designated solely for the users to carry out their duties. Changing the 
perspective and assessing the relatively long journeys – longer than 70 km – demonstrates that the share 
of these journeys has been consistent and that these journeys have continuously constituted only a small 
proportion of all journeys (See Figure 6b). Based on multiple qualitative data sources shows that users 
claim to have no problems in operating the vehicle, but that they only undertake journeys that allow them 
to return with a large surplus of battery [3]. This behaviour has been observed in other BEV fleets [4, 5]. 
Given the opportunity to fast-charge, longer journeys are observed without any real increase in the use of 
the fast-charger equipments [5]. To have this back-up alternative could influence the perception among 
the users of having to return with a large battery surplus.  
  
Figure 6. (a) Proportion of journeys shorter than 40km and (b) 70 km 
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In the assessment of users’ attitudes toward PEVs, both BEV and PHEV users were included. Even 
though there was a tendency for users to initially exaggerate their positive attitude towards PEVs – a 
known problem when surveying environmental awareness [6] – a majority of the users became more 
positive to PEVs after using one. The users are positive to more PEVs in their workplace (See Figure 7a), 
and the experiences gained by using PEVs in the workplace has influenced how the users reflects on their 
own private vehicle (Figure 7b); where a majority would consider purchasing a PEV as their private 
vehicle. The overall attitude among PHEV users (which constitute a large share of user group 4) is more 
positive than compared to BEV users (mainly user groups 2 and 3) but this could be explained by the 
maintained flexibility. The most common negative feedback from PHEV involves poor fuel economy in 
ICE-mode, but this is perceived an impetus to increase the share of operations in electric mode. 
 
Figure 7. Attitudes associated with PEV operation in commercial vehicle fleets 
4. Conclusions  
The usage of plug-in electric vehicles (PEVs) in commercial vehicle fleets has been investigated by 
using technical methods and methodology from social science. The result is based on an extensive study 
of vehicles and users but also operating conditions. Plug-in hybrid electric vehicles (PHEVs) are 
perceived as a flexible solution, because they do not affect the perception of mobility. Battery electric 
vehicles (BEVs) have the potential to substitute conventional vehicles in several commercial applications. 
Whatever may be inhibiting their usage; it is not necessarily technical specifications because data shows 
that a large share of the battery capacity is redundant. Even though external factors such as winter 
conditions or aggressive driver behaviour can influence the electric range, the contribution does not 
justify the substantial usage regression seen most prominently in Figure 3. It seems that users (possibly 
irregular and perhaps inexperienced) reject BEVs if any doubts emerge. Operating in commercial fleets 
implies one primary task for the vehicles: to ensure that the user can carry out hers/his duties. Measures to 
improve the users’ confidence in the technology are vital to ensure efficient use of the battery capacity. 
This study shows that up to half of the battery pack is used primarily as a security blanket, thus adding 
extra weight and constituting a complete waste of materials. However, to conclude regarding the findings 
from this extensive demonstration project: an initial resistance is common among users, but given a 
positive experience, the PEV usage will continue. User acceptance is key for PEV deployment. 
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